Aim: Acute myeloid leukemia (AML) is an aggressive hematopoietic clonal disorder characterized by the increased blasts and poor survival outcome, which is mainly driven by cytogenetic and molecular abnormalities. Here, we investigated the prognostic impact of other demographic parameters on the survival outcomes in AML patients. Method: We reviewed the Surveillance, Epidemiology, and End Result (SEER) database to collect demographic information, including age, diagnosis, gender, race, and geographic region in patients with non-acute promyelocytic leukemia AML, between 2004AML, between -2008. The primary end-point of our study was 3-year overall survival (OS), which was estimated by the Kaplan-Meier method and Cox regression model. Results: A total of 13,282 patients were included in our analyses. Increasing age (HR 1.2, p < .0001), male gender (HR 1.05, p ¼ .01), and geographic region of Midwest (HR 1.07, p ¼ .002) were associated with inferior 3-year OS in univariate analysis, and these parameters remained independent prognostic factors in multivariate analyses. Conclusions: AML is a heterogeneous myeloid neoplasm with patient outcomes largely dictated by the cytogenetics and somatic mutations. In our study, additional demographic factors, including advanced age, male gender, and geographic region of AML diagnosis were associated with OS outcome in non-APL AML patients.
Introduction
Many pre-treatment factors, including cytogenetic/molecular abnormalities and age have been associated with survival in acute myeloid leukemia (AML) [1] . Here, we used data from the Surveillance, Epidemiology, and End Result (SEER) Program to study the relation between age, gender, race, and region of diagnosis and survival in AML.
Methods
The SEER database (version 8.1.5) was reviewed for patients with histologically confirmed non-acute promyelocytic (APL) AML (ICD-O-3), between 2004 and 2008. We collected information on: date of, and age at, diagnosis, gender, ethnicity, geographic region of diagnosis, reported follow-up intervals, and date of death. Primary outcome of interest was 3-year overall survival (OS), defined as the time from AML diagnosis to death from any cause [2] , with censoring if the patient was still alive after 3 years of follow-up. Data from all SEER registries were included. OS probabilities were estimated using the Kaplan-Meier method. Hazard ratios (HR) for OS were calculated using univariate and multivariate Cox proportional hazard regressions.
Results
Thirteen thousand two hundred and eighty-two patients with non-APL AML were included between 2004 and 2008. The median age was 65 years (range 15-99). The Caucasian to non-Caucasian ratio was 5:1 and male:female ratio 7:6. In univariate analysis, 3-year OS was worse with increasing age (HR 1.2, p < .0001), male gender (HR 1.05, p ¼ .01), residence in the Midwest (MI, IW, KY, HR 1.07, p ¼ .002) and Caucasian ethnicity (HR 1.10, p ¼ .0005). Multivariate analysis found that each of the parameter, age, sex, and region, were independently associated with 3-year OS, while the ethnicity was not (Table 1) . Additionally, the hazard ratio independently increased by 22% with every 5-year increment in age, despite adjustments for the other covariates. OS was also associated with region of diagnosis in both univariate and multivariate analysis, based on limited available regional data (Table 1) . Patients in the Eastern (NJ, CT) and Southern regions (GA, NM, and LA) had better 3-year overall survival (26.8% and 26.6% respectively) when compared with patients in the Western region (25.3%; CA, WA, HI, AK, and UT). Patients in the Midwest (MI, IW, and KY) had inferior 3-year OS compared to the Western region (22.4%; Figure 1 ).
Discussion
AML is a heterogeneous entity with many clinical and biologic factors influencing treatment response and survival. In our study, gender, age, and region of diagnosis were independently associated with overall survival in AML. This study suggests that female gender may serve as a favorable risk factor in AML, which is consistent with a publication reporting on younger patients with AML [3] . While the exact mechanism accounting for this disparity is unclear, it certainly alludes to the potential role of hormonal variations in altering disease biology and social influences.
Additionally, this study further confirms that advancing age confers inferior survival in AML, with a hazard ratio increase of 22% with every 5-year increment in age. This is in keeping with prior studies and is likely to be a result of poorer performance status, higher frequency of multidrug resistance, and more complex disease biology, which accompany the disease with increasing age [4, 5] .
Lastly, our study demonstrates that regional disparities may account for outcome differences in this population with survival favoring the Eastern and Southern states. However, it is notable that the proportion of the various regions covered by the SEER database is limited and does not include many populous states.
Analysis of a large cohort of AML patients from the National Cancer Database analyzed over 60,000 patients and demonstrated that short and long-term overall survival favored patients who received initial treatment at an academic medical center versus non-academic centers [6] . However, patients receiving care at academic medical centers were also noted to be younger, having fewer comorbidities, and more often received multimodal therapy including transplant which are known prognosticators influencing improved survival in AML. Data on the patients with greater access to National Cancer Institute and National Comprehensive Cancer Center Network -designated cancer centers exhibited improved survival outcomes in other disease states including multiple myeloma [7] , prostate cancer [8] , and adolescent and young adult acute lymphoblastic leukemia [9] . Thus, variations in concentration and access to academic medical centers may have plausibly contributed to the regional outcome disparities as evidenced in our studied AML population.
Survival may also be influenced by the case volume of treating facility, as shown in a study examining volumeoutcome relationships which favored survival among AML patients treated at "high volume" centers [10] . This phenomenon may be due to increased provider experience, rate of adherence to standardized guidelines, robust ancillary services, and greater resources which may impact survival in disease treatment [10] . It is quite possible that regional disparities in access to high volume sub-specialty AML centers could also have impacted outcome differences as reported in our patient population. It is further unknown, whether environmental stressors or variations in socioeconomic class influenced the differences in survival outcomes when comparing the regional differences. Additional limitations of the study include lacking information on patient performance status, type of treatment, cytogenetic and molecular data, and treatment setting, which are known to impact survival in AML. Therefore, it is quite possible that outcome disparities noted in our study could have been influenced by the variables mentioned above and requires further exploration. Nevertheless, based on all the available metrics, this study suggests that female gender may serve as a favorable risk factor in AML, further confirms that advancing age confers inferior survival, and that regional disparities may account for some outcome differences in this population.
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